In the paper a hypothesis about state equations of human gait is presented. Instantaneous normalized power developed by human muscles at particular joints of a leg is a control vector in state equations of the human walking system. The maximum principle of Pontryagin in analysis of dynamic human knee joint was presented. The discrete Hamilton function of a knee joint is similar to a discrete square function of normalized power developed by muscles at the knee joint. The results satisfy optimal conditions and could be applied in control of exoskeleton and DAR type robot.
Introduction
Many methods of scientific research on two-legged human locomotion have been presented in works (Bocardi and Pedotti, 1981; Winter, 1991; Jaworek, 1992; Żur and Jaworek, 2011; Żur, 2013) . A great number measurements of human gait in the sagittal plane of motion for young as well as old people is presented in works (Winter, 1991; Jaworek, 1992) . As a result of the long-term research a certain measure has been found by Jaworek (1992) . The measure is called an assessment indicator and it has the following form     , (1) is changed into the vector of moment ir M   then an average power (developed by the leg muscles in support phase of a human foot during one cycle of motion) is obtained (Bocardi and Pedotti, 1981) .
The functional (1.1) physically means an average quantity of power developed by the joint of the tested person in the support phase during movement on a flat surface.
In the paper the modification of the indicator J to form 
The maximum principle of Pontryagin in analysis of two-legged human gait
In the work (Żur and Jaworek, 2011 ) a hypothesis about energy saving during human motion was presented as follows: ,,typical human locomotion in the Earth's gravitational field minimizes the value of the functional
In conclusion, the smaller the value of the functional, the better neuromuscular coordination during human locomotion. The consumption of energy of motion gets smaller during walking. Żur and Jaworek (2011; 2013) have suggested a new description of human locomotion by the method of space state. The hypothesis about the control vector   u t in the walking system is as follows: "the control   i u t is the normalized power in the i-th main joint of a human leg during one single step".
State equations of human joints
It follows that the control     A description of the human walking system in the state space allows a reduction of the number of differential equations of 60 degrees of freedom for the lower human limb to three state equations that describe three main joints of a human leg, i.e., the hip, knee and ankle joints. Winter in the work (1991) described kinematic and dynamic data for a group of young, healthy and physically fit people. He also placed there discrete values of normalized power   i p t m (Fig.2) developed by the main muscle groups and discrete values of relative angles ( ) i t  (Fig.3) respectively for the hip, knee and ankle joints for one single step. 
K.K.Żur

K b t
The coefficients K a and K b , which would be constant for the full cycle of movement, i.e., for one single step were calculated using identification methods (Eykhoff, 1980) . Unfortunately, the attempts to find these coefficients K a and K b failed. Coefficients have a stochastic character. By integrating both sides of the equation of state (2.2) and then transfering the initial condition (2.3) to infinity, the formulas of calculating the coefficients K a (Fig.5 ) and K b (Fig.6) were achieved. The coefficients have the following form b t of the knee joint of young, healthy and physically fit people.
The application of maximum principle for human knee joint
A very important issue in the control theory is optimization. The maximum principle of Pontryagin is considered a good method to search the optimal conditions for controlling dynamic processes. In the case of two-leg human locomotion, the maximum principle of Pontryagin is as follow:
if the control vector   i p t m in a given human joint is optimal, (if it minimizes the functional * i J (1.3)), the Hamilton function i H for the i-th joint will be maximum. For the knee joint of young, healthy and physically fit people, equation of state (2.2) is as follows 
